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MODIFICATIONOF THE SULFUR DIOXIDE-IODINT THERJIOCHEtfICAL
NYDROGENCYCLE WHN MNTHAhlJllSULFITES ANDSULFATES

E. 1. Ona?ott, N. G. Bowman, M. F. Michnovicz and
C. M. Hollabaugh

Chemistry Division
Loa Alamos National Laboratory

~oa Alamon, New Mexico 87545, U,S.A.

ABSTRACT

Variable composition, inbo~uble dilanthanum oxide-sulfite-sulfate-hydrates were
pkepared by [eaction of lanthanum dioxymonoaulfate with aqueous sulfur dioxide.
Thrse compositions reacted with iodine to yield oulfate in Lhe solid pha#e, and
hydrogen iodide and water in the gas phane, The highent yield of hydrogen iodise
mecauIed wan 12~ at 660 K for a few geconda reaction time of iodine with a reac-
tant containing oxide-si!lfite-oulfate with the approximate otoichiometry numbers,
0,9, 1.1, 1,0. Higher yieldn of hydrogen iodide were obtained by a eecoad iodine
oxidation after aepat.Llor, of the first solid product. These rraction~ are adapt-
able to a water splitting !.hermochemical cycle in which hydrogen in made by cata-
lytic decomposition of hydrogen iodide at 700 K, and oxygen results from decompo-
sition of the solid product at 1300 K,

ICEiTJORIJS

Thermochemical hydrogen; water splitting, aynthrtic fuel; sulfur dioxide; iodine;
hydrogen iodide; lanthanum dioxymononulfate; dilanthnnum oxidr-sulfite-sulfate-
hydrate; stllfur diox:dc-ioriine proccaa,

INTWXJCTION

The uulfur dioxide-iodine thermochemical Drocemn for water ~ullttllla has been
demonstrated experimentally (Besenbruch an~ co-workers, 1980), “ It
as the GA Sulfur-iodine Ua~er-Spllttlng Cycle. Thin cycle haa a
(Illlrement fnr water management, hut remainti attractive tor contin!led
01 the rapidity of the reactious:

so, [aqueouo) + I
2

* 1{2~-)4 + 2}[1

ls’’identit’ied
high heat re-
nludy becaurnp

;JHI + H + 1
22

H2S04 ‘ S02 + 0.5 02 + 112[)



Seversl workers have tried ❑edification to the cycle for improving heat efficien-
cy tfamon and Bowman (1962) showed improvement by using magneoium sulfite hexa-
hydrat.e aa the ●ource of water for ●plitting, ●nd using magneaium oxide an ● re-
cycle reagent. Sato and co-workern (1982) tested ● nickel baned cycle and claimed
improved ●fficiency. Norman ●nd co-workerrr (1982) tried an HBr ●xtraction procers
on the GA Sulfur-Iodine cycle hnd found a small gain which was canrelled by other
neceanary atepa.

Lanthanum dioxymonoaulfate has been Suggested as a recycle reagent for the sulfur
dioxide-iodine process, in which c1l of the reactiona arc gas-solid or gaarouB
(Hollabaugh and hwman, 1981):

La202SG4 + 2 S02 + La2(S03)2S04

La2(S03)2S04 + 2 12 + 2 H20 + LJ2(S04)3 + 4 HI

4HI+2H +21
2 2

La2(s04)3 + L~202sob + 2 s93

2s03+2s02+0
2

They showed that lanthanum tri~ulfate decomposes rapidly at 1300 K tu yield lsn-
thanum dioxynonoaulfate, sulfur trioxidc, sulfur dic.rnide and oxyuen (without a
catalyst), but did not experiment with the other reactzolls in the cycle,

We report here on ● cycle which utilizeo lanthanum oxide-nulfit~-~ulfate-hydrate
compositions with variable stoichiometry. The

L#202S04 + S02 (aqueous) + La20(Sf)3

La20(S03)(S04WH20 F 12 + LS20(S0

LJ20(SOL)2 + Ld202S04 + S02 + 0,5 02

2111 ● H2 + 12

EXPERIMENTAL

dealized cycle reactiona are:

(W3;,)*(tii L
(1,

)2 + 2HI + 3H2r3 (2)

(3)

(4)

Th@ compositions which wer@ reacted with ldirw w~re mod~ ●ithrr rnt room Lempern-
ture, 295 K, or at the boilinn temperature of 36$ K. A rlurry of Icrlthanum dioxy-
monouulfatr wafi atirrerl vigorously in ● clo~ed flash with nwlfur dioxidr and



lanthanum trieulfate conceutzations both controlled, Reaction times were typi-
cally 30 ❑in. Excess sulfur dioxide waa removed by pumping. The crystalline
precipitate which formed waa easily separated by filtering, and it waa air dried
at room temperat.~re ●fter waahing with water. ~toichiometric coefficients were
determined by analyses for lanthanum, sulfite, sulfate, and water according to
procedures developed earlier (Peterson, Foltyn, (Jnatott, 1980). tloleculat weight
waa measured by weight loss at 1350 K, which yielded the dioxymonosulfate.

The hydratea were reacted with iodine in ejaculated and sealed glans ampules of
20 mt size in a tube furn~:e. The gaseous products were separated by sealing in
the capillary section of the ampule after cooling with powdered dry ice while
heating the solid product at ●bout 500 K. Hydrogen iodide waa determined by
titration to pH 7 with sodium hydroxide.

RESULTS

Experiments were done to find the effects of temperature, Lime of reaction, and
compositions on yields of hydrogen iodide, and sulfite remaining in the solid
product. Sulfite is conmnmed concurrently by iodine oxidation, and to a limited
extent by sulfur dioxide evolu:!on, md possibly by a parallel redox reaction in
which sulfur ia also evolved,

First experiments were done with La2(S03)z,2b(S0,)o 75*5,3 H20 by varying the
reaction temperature ●nd meaauring hydrogen iodide yields. Largest yielda were
meaaured at 650 K. Further ●xperiments were done between 600 and 700 K.

The effect of different compositions ia ahown by results in T-ble 1. A sulfite
atoichiometry of 1,17 with sulfate equal to 0,95 gave the largeat yield of hydro-
gen iodide. Unrencted oxide promoted higher yields aa shown by the first four
entries.

TABLE 1 Effect of Composition on Redox Yield of Hydrogen Iodide at 65o K

-.. ——
Dilanthanum atoichiometr} Reaction Iodine/sulfite HI yield

=xide sulfite sulfate ‘.ater time, min starting ratio percent
r30 0.80 0.$0 3.8 135 2.77 13
1.05 1.04 0.91 4.4 120 2.08 23
0.88 1,17 0.95 4.5 125 1.84 27
0.50 1.55 0,95 5.8 135 1.32 15
0 2.25 0s75 5.3 180 2.49 10
0 2.32 0.68 4.9 135 1,11 1,0

— .—

Reacti,w t’mes ●nd temperature wera varied for oxidation of the best compoai:ion
in Table 1, Hydrogen iodide yields ●nd sulfite remaining in the solid product are
listed in Table 2, Short reaction times, which were determined by the procedure
of removing the reaction veosel from the furnace, gave yields of hydrogen iodide
comparable to long reactin times, This result indicates that the hydrogen iodide
is formed by reaction of sueam and iodine with the dehydrated starting material
within ● few seconds, or in shorter times. Activation may occur when hydrate
, ater is evolved from the crystal,

Water Aided to the unraacted couqdoaition (Table 2) prior to oxidation at 650 K
reduced the hydrogen iodide yield when the amount ●dded waa ●bout half of the
hydrate water. At room temp~rature, in the presence of iodine, the added water
turned the compoait~on a dark brown color, The lnas in yield waa a factor of
1.45,



TABLE 2 Effect of Reaction Time and Temperature on Ftedox Yield of Hydrogen Iodide
by Oxidation of b200,s@(SOg)~ .~T(S0,)~,B~*6.5 H20 with Iodine

Reaction Iodine/mulfite Sulfite left ‘HI yield
time, uin K atmrting ratio after reaction* percent

125 65o 1.84 0.11 27
10 650 1.80 -. 27
0.2 660 2.10 0.26 32
0.2 615 2.09 0.58 20
0.2 605 2.44 0.49 17
0.2 690 2.01 0.43 20
0.2 675 2.11 0.47 25

0.2, 0.2* 680 2.22, 2.32 0.15 20 + 22
20 65o 0 1.06 0

‘Stoichiometry number,
——

Rcaseous producco separated before second reaction.

The yield of hydrogen iodide from the initial oxidation Could be increaeed by
adding Water plus iodine to the oepsrsted solid product in a arcond reaction at
the same temperature. Uning thin procedure doubled the yield when the added water
was ●qual to the originsl hydrate water content. The next to la~t ●nt~ in
Table 2 abown th?.s result.

The laat entry in Table 2 nbows the ●ffect of withholding iodine on sulfite 10UE,
which was 10% in 20 ❑inutes. Hydrate wster wan ●lso lost, This loao of sulfite
would not neceaaarily be the same with iodine present betaune Of the pom-ibili>y
of iodine acting an ● catalyst for sulfur dioxide ~nd sulfur ●volition. A careful
thermogravimetric me~aurement of water loss ●nd rulfur dioxide 10EP in the ●haence
of iodine hau not yet been done.

CONCLUS1ONS

The water requirement for the -ulfur dioxide-iodine thermochernicnl ~ycle can be
minimized by employing an inioluble dilsnthanum oxide-sulfite-nulf~te-hydrate
which reacts with iodine to y]eld sulfate and hydrogen iodide concurrently, A
further incre~ne in yield is obtained by separating the solid product nnd reacting
it with iodine ●nd ~n amount cf water comparabl~ to the originsl hydrate water. A
sepmrate hydrolvnin otep for hydrogen iodide formation in not required. The
dilmnth~num reacLant composition can be tailored for optimum baricity tnd oulfitc
content,
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